The structure and magnetic properties of novel hybrid molecule-based magnets formed by combination of two magnetically active sublattices, the bimetallic oxalatobridged honeycomb net [Mn II M III (ox) 3 ] (M II = Mn, Fe, Co, Cr, Ni, Cu; M III = Cr, Fe) and the organometallic cation decamethylferrocenium, are reported.
Much interest has been shown in oxalate complexes in the search for new molecule-based magnets since the discovery at the beginning of the nineties of new polymeric bimetallic phases of variable dimensionality. 1 Especially interesting are the two-dimensional bimetallic phases A[M II M III (ox) 3 ] (M II = Mn, Fe, Co, Cr, Ni, Cu; M III = Cr, Fe) because they behave as ferro-, 2 ferri-3 or canted antiferro-magnets 4 with critical temperatures ranging from 5 up to 44 K. Their structure 5 consists of extended oxalate-bridged layers of the two metal atoms separated by A + , an electronically 'innocent' counter ion of the type [XR 4 ] + (X = N, P; R = Ph, Pr n , Bu n ), which may act as a template controlling the formation of the net structure and thus determining the interlayer separation. 4b The change of this cation to an electroactive one could create new hybrid molecular materials with interesting properties or combinations of properties, depending on the nature of the cation and the possible interactions with the magnetic network. 6 in which the cation is the organic p-donor molecule tetrathiafulvalene (TTF), although instead of the extended two-dimensional network, a molecular layer of oxalato-bridged bimetallic trimeric clusters is formed.
Here we show that it is possible to combine the layered bimetallic oxalate complexes with the magnetically interesting organometallic cation [Fe(Cp*) 2 ] + (Cp* = decamethylferrocenium), which has spin S = 1/2. It is to be noticed that other salts formed by decamethylmetallocenium cations and twodimensional molecule-based magnets have been very recently reported, but the structure of these materials is unknown. 7 The new family of organometallic-inorganic magnetic compounds has the formula [Fe(Cp* Crystals of good quality were obtained by diffusion, and the crystal structure was solved for the Fe III Mn II derivative. The structure † consists of anionic layers of the well known honeycomb bimetallic oxalato-bridged network with decamethylferrocenium cations intercalated in between [ Fig. 1(a) ]. The bimetallic layers are eclipsed by each other creating hexagonal channels running along the c axis. The organometallic cations exhibit a staggered configuration (symmetry D 5d ). They are ordered within the interlayer space. In fact, they are located at the center of the hexagonal channels forming a pseudo-hexagonal arrangement. These cations are tilted with respect to the layer by an angle of 32.6° (angle defined by the fivefold symmetry axis of the cation with the normal to the bimetallic plane) in such a way that the two pentamethylcyclopentadienyl molecules of each [Fe(Cp*) 2 ] + cation are pointing towards the center of the hexagons of two adjacent layers [ Fig. 1(b) ]. The interlayer separation is 9.213 Å, similar to that found in previous compounds of two-dimensional phases, 5,4b and there is no evidence of hydrogen-bond interactions between the cations and the layers (the minimum H···O distance is 2.584 Å). A distinctive feature of this structure with respect to the other structurally known two-dimensional phases is that now the cation does not penetrate into the honeycomb net (the minimum distance of the cation to this plane is 0.88 Å; distance from the mean plane defined by the metals to the closest hydrogen from a methyl group). A second difference deals with the stacking of the bimetallic layers. Thus, in contrast with the [XR 4 ] + derivatives, all the layers are of the same type so that the metals of one layer lie directly over those in the next layer. ‡ All these compounds are magnets exhibiting spontaneous magnetization below T c and hysteresis loops. As in the [XR 4 ] + derivatives, the compounds of the Cr III M II series behave as ferromagnets § which have ferromagnetic interactions between Cr III and M II ions through the oxalate group, while in the Fe III M II series this coupling is antiferromagnetic giving rise to ferrimagnets (for M II = Fe, Co) or canted antiferromagnets (for Mn II = Mn). We have performed ac susceptibility measure- ments in order to obtain accurate values of T c . These data show a sharp peak in both the in-phase and the out-of-phase susceptibility signals at t c (Fig. 2) . The relevant magnetic parameters (critical temperatures and coercive fields for the Cr-M ferromagnets and critical temperatures for the Fe-M ferrimagnets) are summarized in Table 1 
] + derivatives. On the other hand, the coercive fields are also very similar. These results indicate that the two magnetic sublattices essentially behave independently, without a significant cation-layer electronic interaction, in agreement with the structural features. Unusual magnetic effects may arise from the coexistence of these two magnetic sublattices. For example, in the ordered state the magnetic layers are expected to polarize the spins of the metallocene layer and therefore a Zeeman splitting of the S = 1/2 spins of the paramagnetic cations may be observed. Complete physical characterization of these and other molecular magnetic multilayers that can be obtained using the same methodology is now in progress.
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